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METHOD FOR INSULATION FAULT
MONITORING WITH DYNAMIC RESPONSE
CHARACTERISTIC

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of German
Patent Application No. 10 2011 083 790.6 filed Sep. 29, 2011,
which 1s fully incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

FIELD OF THE INVENTION

The invention relates to a method for insulation fault moni-
toring 1n ungrounded electrical networks, said method com-
prising the following steps: measuring an insulation resis-
tance, determining a responding value for the insulation
resistance, and triggering a warning signal 1f the measured
insulation resistance falls below the responding value.

The invention further relates to a device for insulation fault
monitoring 1n ungrounded electrical networks, said device
comprising means for measuring an insulation resistance and
a processor unit for determining a responding value for the
insulation resistance as well as a warning device for trigger-
Ing a warning signal.

In view of the operational reliability and availability of a
power supply, ungrounded electricity supply networks (IT
systems) have been widely established as a network configu-
ration. In ungrounded electricity supply networks, an active
conductor 1s not connected directly to ground potential, and
therefore, due to the absence of a return, no short-circuit
current can tlow 1n the event of a (single-pole) ground fault,
which would blow a fuse and lead to an interruption in opera-
tion. An ungrounded network can continue to be operated
sately 1 spite of this ground fault (first insulation fault). Thas
network configuration 1s widespread, in particular 1n photo-
voltaic plants (PV plants), since 1n this case the main focus 1s
on an energy supply that i1s uninterrupted to the greatest
possible extent.

Fully insulated, ungrounded electricity supply systems
offer the best possible protection for people should they con-
tact a live conductor, since a closed circuit with a current
flowing via the (grounded) person cannot be produced due to
the 1deally infinite impedance value between the conductor
and ground. The msulation resistance 1s therefore of particu-
lar importance 1n ensuring suificient personal and plant pro-
tection. A fall in the insulation resistance below a predefined
value reduces the protection against direct and indirect con-
tact of the electrical plant; furthermore, fault currents may
occur and may lead to faulty functioning of electrical devices
or to an interruption 1n operation, thus resulting 1n high costs.

In the field of electrical plants, a constant monitoring of the
insulation resistance 1s therefore necessary so as to emit a
warning signal in the event that the insulation resistance falls
below a safety-critical responding value and, 1f necessary, so
as to shut down the plant.

Insulation resistances can change as a result of aging pro-
cesses and environmental influences, such as temperature,
moisture, pollution or damage, and also as a result of chemi-
cal or physical processes. In PV plants 1n particular, the insu-
lation resistance 1s highly dependent on the ambient condi-
tions of the plant. In large-scale plants the insulation
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resistance may thus fluctuate 1n a range of 1000 ohm/volt to a
tew ohm/volt. This may result 1n false trips 1 the msulation

resistance falls below the responding value as a result of
ambient causes. In order to avoid false trips of this type, the
responding value 1n msulation monitoring systems 1s set to a
value well below a minimal isulation resistance value in
accordance with the prior art. The fact that a risk to people
may still be posed above this setting of an (excessively) low
responding value 1s disadvantageous 1n this instance.

In particular in PV plants, the insulation resistance changes
very dramatically due to the ambient conditions, even without
the occurrence of a fault. If an 1nsulation fault occurs 1n a
“high-ohm phase”, for example during night-time hours 1n
the case of photovoltaic plants, a decrease in the currently
measured msulation resistance, which deviates considerably
from the expected progression, thus occurs, and this 1nsula-
tion fault can therefore only be 1dentified when 1t also falls
below the fixedly set, low responding value.

Approaches are known from the prior art for taking into
account, by statistical averaging, the change in the imnsulation
resistance due to the ambient conditions. A disadvantage of
this indirect incorporation of the ambient conditions 1s the
long measurement times of the mnsulation monitoring device,
however.

SUMMARY OF THE INVENTION

The object of the present invention 1s therefore to ensure
the most reliable possible personal and plant protection as
well as a high level of operational reliability during insulation
monitoring of an ungrounded power supply system, whilst
avoiding false trips. This object 1s achieved 1n an embodiment
of the invention by measuring an isulation resistance, deter-
mining a responding value for the insulation resistance, and
triggering a warning signal 1f the measured insulation resis-
tance falls below the responding value, wherein the respond-
ing value 1s determined dynamically as a momentary
responding value 1n a warning value establishment process
downstream of the insulation resistance measurement.

During msulation fault monitoring, the currently measured
insulation resistance 1s thus compared 1n accordance with the
invention with a dynamically changing momentary respond-
ing value 1n the form of a comparison value. This responding
value 1s determined 1n a warning value establishment process
downstream of the insulation resistance measurement, and
allows automatic adaptation of the responding value to the
environmental conditions prevailing at the time of the mea-
surement. The measured insulation resistance during night-
time hours thus normally lies at a higher level than during the
day. The responding value also follows this trend 1n accor-
dance with the invention, and therefore a fault (that 1s to say a
noticeable fall in the current, measured insulation resistance)
1s 1dentified with greater reliability because the insulation
resistance falls earlier below the dynamically upwardly
adapted responding value. During the day (that 1s to say with
a relatively low level of the 1nsulation resistance), false trips
are by contrast avoided due to a likewise lower responding
value. The avoidance of false trips leads to increased opera-
tional reliability and therefore to increased reliability of sup-
ply of the electrical plant. At the same time, plant protection
and, 1n particular, personal protection are improved due to the
dynamically adapted responding value, because faults are
identified early on.

In an advantageous embodiment of the invention, the
momentary responding value 1s determined in the warning
value establishment process as a function of a base value, of
setting parameters, of ambient data, and of an insulation
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resistance value averaged over time. Starting from a plant-
specific insulation resistance as a base value, the momentary
responding value 1s given by the modification of this base
value 1n accordance with the ambient data. For example, an
adaptation 1s thus made according to the time, temperature
and atmospheric moisture, since, based on experience, dew 1n
the early-morming hours has an effect on the insulation resis-
tance. As a result of the direct incorporation of the ambient
data, short measurement times and, as a result, increased
personal protection are thus achieved.

Setting parameters and an insulation resistance value aver-
aged over time are further incorporated in the determination
ol the momentary responding value so as to map the operating
conditions of the plant onto a realistic responding value,
which leads to the most reliable possible fault identification.
Limit values for the responding value are thus fixed and a
change 1n said responding value with respect to a temporal
average ol the msulation resistance 1s taken 1nto account.

The base value 1s expediently a specific, fixed value of the
insulation resistance for the network to be monitored. An
insulation resistance value typical for the electrical plant,
which 1s given by a calculation defined by a formula, 1s thus
used as a starting point for the calculation of the momentary
responding value.

In a specific embodiment, the following are used as setting,
parameters: a minimum responding value R, as a lower
response limit value, an auxiliary value in the form of a
responding value dynamic R  ,,,-for defining a dynamic range
in which the momentary responding value may change
dynamically, and an auxiliary value 1n the form of responding
value limits R, ;, .for determining a difference of the momen-
tary responding value from the insulation resistance value
averaged over time.

The momentary responding value 1s preferably determined
starting from the base value R, by a correction according to
the ambient data, wherein the momentary responding value
adopts the minimum responding value R at 1ts minimum
and the value 1n the form of aresponding value dynamic R , ;-
at 1ts maximum and, within this dynamic range, lies below the
insulation resistance value averaged over time, at least by the
difference of the responding value limits R, ,, ..

The setting parameters define the range in which the
momentary responding value may vary and determine how
the momentary responding value 1s to be adapted to the oper-
ating situation of the electrical plant so as to ensure reliable
fault i1dentification. responding value determined dynami-
cally 1n such a way advantageously makes 1t possible to
identify, 1n real time, a “true” fall 1n the 1insulation resistance.

It has proven to be expedient i1 the following intfluencing
variables are incorporated as ambient data, either individually
or 1n any combination, into the warning value establishment
process: time, light intensity, temperature, atmospheric mois-
ture, dew, salt content of the air, speed of change of the
insulation resistance, number of people present 1n the region
of the electrical plant, and additionally, with use of the
method 1n photovoltaic plants: electrical conductivity of the
module glass surface, supplied voltage of the photovoltaic
modules, electrical output of the photovoltaic modules. In
addition, further physical variables and environmental data
can also be taken into account via suitable interfaces so as to
determine a momentary responding value adapted more pre-
cisely to the respective prevailing operating situation. Even
critical changes to the insulation resistance are thus identified
at any moment in a large number of operating situations.

In a further embodiment, a visually and/or acoustically
perceptible signal of the monitoring state 1s generated accord-
ing to the momentary responding value and informs whether
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plant or personal protection i1s ensured. The operator of the
clectrical plant 1s thus notified of the extent to which the
relatively high demands on personal protection compared to
pure plant protection are currently met.

In particularly stable ambient and operating conditions, the
dynamic determination of the momentary responding value
can be deactivated and a return to a mode with a fixed
responding value can be implemented.

With regard to a device for insulation fault monitoring in
ungrounded electrical networks, the object of the invention 1s
also achieved in a device, 1n which to determine the respond-
ing value, a processor unit has a warning value establishment
unmt downstream of the insulation resistance measurement to
dynamically determine a momentary responding value.

In accordance with the invention, the processor unit com-
prises a warning value establishment unit, 1n which the input
signals are processed on a digital level. Based on the input
variables, which include the ambient data in addition to the
currently measured insulation resistance and the setting
parameters, the momentary responding value 1s determined
dynamically by the method according to the invention and a
warning signal 1s generated by comparison with the current
insulation resistance value 1n the event of a fault.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantageous design features will emerge from the
following description and the drawing, which explains a pre-
terred embodiment of the invention and 1n which:

FIG. 1 shows a functional block diagram of the method and
of the device for insulation fault monitoring.

EXAMPL.

L1

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The diagram 1llustrated 1n FIG. 1 describes the essential
functional blocks of the device 4 according to the invention 1n
addition to the essential processing steps of the method 2
according to the invention.

The method 1nitially comprises an insulation resistance
measurement 8 1n an ungrounded power supply network 6.
The power supply network 6 may be a photovoltaic plant for
example, 1n which the focus 1s on efficient utilisation and high
availability, and 1n which a monitoring of the insulation resis-
tance therefore appears to be a necessary electrical protective
measure. The device 4 has means 10 for measuring an 1nsu-
lation resistance, wherein these means 10 are connected via a
coupling and measuring circuit 12 to the power supply net-
work 6 and, as a component of a processor unit 14, comprise
an evaluating circuit 16.

The 1nsulation resistance measurement 8 or the means 10
for measuring the insulation resistance supply a current value
18 of the mnsulation resistance as an output signal and forward
this on to a warning value establishment process 20, which 1s
carried out 1n a warning value establishment unit 22.

The momentary responding value 1s calculated in the warn-
ing value establishment process 20 or the warming value
establishment unit 22. For dynamic establishment 1n accor-
dance with the invention of the momentary responding value,
a base value R, and as setting parameters a minimum
responding value R_ . as a lower response limit value, an
auxiliary value 1n the form of a responding value dynamic
R,y for defining a dynamic range 1n which the momentary
responding value may change dynamically, and an auxiliary
value 1n the form of responding value limits R, ;, , for deter-
mining a difference of the momentary responding value from
an insulation resistance value averaged over time are used.
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Furthermore, ambient data 24 are also incorporated into the
dynamic determination. The ambient data describe the depen-
dence of the insulation resistance on the operating state of the
clectrical plant, which 1s 1n turn determined decisively by
external environmental influences (for example temperature,
atmospheric moisture), physical vaniables of the plant (for
example generated power, open-circuit voltage) and further
non-physical parameters (for example people present in the
region of the plant). The device 4 has an interface device 26 to
detect the ambient data.

The momentary responding value 1s then determined start-
ing from the base value R; by a correction according to the
ambient data, wherein the momentary responding value
adopts the mimimum responding value R at its minimum
and the value 1n the form of aresponding value dynamic R ;-
at 1ts maximum and, within this dynamic range, lies below the
insulation resistance value averaged over time, at least by the
difference of the responding value limits R, ;, ..

The determination of the momentary responding value will
be explained hereinaiter with reference to the example of a
photovoltaic plant. If the msulation resistance averaged over
time 1n a fault-free photovoltaic plant lies at 10 kohm/200
kohm/80 kohm during the day with low atmospheric mois-
ture/overnight/in the early morning hours with dew and the
values R . =3 kohm, R ,,,,=100 kohm and R;,,, =20 kohm
are adopted as setting parameters, faults above 3 kohm and up
to a maximum of 100 kohm are also 1dentified with activated
dynamics. By contrast, with a fixed responding value of 3
kohm, faults will only be detected 1f the current value of the
insulation resistance falls below 3 kohm.

A Tfault, that 1s to say a drop in the current insulation
resistance value below the dynamically determined respond-
ing value, would thus be indicated in the above example

during the day/at night/in the early morning hours at 3 kohm/
100 kohm/60 kohm (60 kohm=80 kohm-R, ,, ).

Should the measured insulation resistance fall below the
responding value 1n the event of a fault, a warning signal 1s
thus triggered 1n the warning device 28 and 1s signalled visu-
ally and/or acoustically to the user.

The mvention claimed 1s:
1. A method for insulation fault monitoring in ungrounded
clectrical networks, said method comprising:
measuring an insulation resistance;
determining a responding value for the insulation resis-
tance, wherein the responding value 1s calculated
dynamically as a momentary responding value in a
warning value establishment process downstream of the
insulation resistance measurement, the momentary
responding value being determined 1n the warming value
establishment process as a function of a base value, of
setting parameters, of ambient data, and of an insulation
resistance value averaged over time;
comparing the insulation resistance to the responding
value to determine whether the measured insulation
resistance falls below the responding value; and

triggering a warning signal 1 the measured insulation
resistance falls below the responding value.

2. The method according to claim 1, in which the base value
1s a specific, fixed value of the insulation resistance for the
network to be monitored.

3. The method according to claim 1, 1n which the following
parameters are used as setting parameters: a minimum
responding value as a lower response limit value, an auxiliary
value 1n the form of a responding value dynamic for defiming,
a dynamic range in which the momentary responding value
may change dynamically, and an auxiliary value 1n the form
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of responding value limits for determining a difference of the
momentary responding value from the insulation resistance
value averaged over time.

4. The method according to claim 1, in which the momen-
tary responding value 1s determined starting from the base
value by a correction according to the ambient data, wherein
the momentary responding value adopts the minimum
responding value at 1ts minimum and the value 1n the form of
a responding value dynamic at 1ts maximum and, within this
dynamic range, lies below the insulation resistance value
averaged over time, at least by the difference of the respond-
ing value limaits.

5. The method according to claim 1, 1n which at least one of
the following influencing variables are incorporated as ambi-
ent data into the warning value establishment process: time,
light 1ntensity, temperature, atmospheric moisture, dew, salt
content of the air, speed of change of the insulation resistance,
number of people present in the region of the electrical plant,
and additionally, with use of the method in photovoltaic
plants: electrical conductivity of the module glass surface,
supplied voltage of the photovoltaic modules, electrical out-
put of the photovoltaic modules.

6. The method according to claim 1, in which at least one of
a visually perceptible signal and/or a acoustically perceptible
signal of the monitoring state 1s generated according to the
momentary responding value and informs whether plant or
personal protection 1s ensured.

7. The method according to claim 1, in which the dynamic
determination of the momentary responding value can he
deactivated.

8. A device for insulation fault monitoring 1n ungrounded
clectrical networks, said device comprising:

a circuit measuring an insulation resistance;

a processor unit calculating a responding value for the

insulation resistance,

wherein to calculate the responding value, the processor

unit dynamically calculates the responding value as a
momentary responding value, the momentary respond-
ing value being calculated 1n a warning value establish-
ment process as a function of a base value, of setting
parameters, of ambient data, and of an 1nsulation resis-
tance value averaged over time, the processor unit then
compares the responding value to the insulation resis-
tance to determine whether the 1nsulation resistance 1s
less than the momentary responding value; and

a warning device triggering a warning signal 11 the insula-

tion resistance 1s less than the momentary responding
value.

9. The device according to claim 8, including an interface
device detecting ambient data.

10. The device according to claim 8, 1n which the base
value 1s a specific, fixed value of the imsulation resistance for
the network to be monitored.

11. The device according to claim 8, in which the following
parameters are used as setting parameters: a minimum
responding value as a lower response limit value, an auxiliary
value 1n the form of a responding value dynamic for defining
a dynamic range 1n which the momentary responding value
may change dynamically, and an auxiliary value in the form
of responding value limits for determining a difference of the
momentary responding value from the insulation resistance
value averaged over time.

12. The device according to claim 8, 1n which the momen-
tary responding value 1s calculated starting from the base
value by a correction according to the ambient data, wherein
the momentary responding value adopts the minimum
responding value at 1ts minimum and the value 1n the form of
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a responding value dynamic at 1ts maximum and, within this
dynamic range, lies below the insulation resistance value
averaged over time, at least by the difference of the respond-
ing value limits.

13. The device according to claim 8, in which at least one 5
of the following influencing variables are incorporated as
ambient data into the warming value establishment process:

time, light intensity, temperature, atmospheric moisture, dew,
salt content of the air, speed of change of the insulation
resistance, number of people present 1n the region of the 10
clectrical plant.
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